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@ Leak resistant ink-jet pen. 


@ A three-color ink-jet cartridge (10) has a con- 
duit (40) connecting an ink reservoir (26) to a 
print head (20) orifice (22). The conduft has a 
pair of interna) longitudinal grooves (50) to 
permit ink to flow past a trapped bubble (60) in 
the conduit This ink flow prevents ink leakage 
through the orifice when ambient pressure 
changes cause the trapped bubble to expand. 
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This invention relates to ink-Jet p ns for us in 
computer printers. 

BACKGROUND AND SUMMARY OF INVENTION 

Ink-jet printers are an effective means for printing 
information and graphics in conjunction with personal 
computer work stations, for instance. An ink-jet car- 
tridge or pen is the heart of such a printer. The ink-jet 
pen typlcaily has a reservoir of liquid ink with a con- 
duit supplying the Ink to a print head, which is electri- 
cally controlled to expel droplets of ink onto an adja- 
cent piece of paper. 

A multi-color Ink-Jet pen includes three reser- 
voirs, each containing an open-ceil foam sponge re- 
taining a different color ink. Each reservoir is vented 
to ambient pressure. A separate conduit connects 
each reservoir to a print head, which has an array of 
orifices for expelling each ink color separately. The 
high capDIarity of the foam sufficiently resists ink flow 
from the reservoir so that a slight backpressure may 
be established at the print head to prevent ink leakage 
through the orifices. 

During manufacture, while the reservoirs are be- 
ing filled with ink, air remaining in the conduits is sub- 
stantially removed by applying suction to the orifices. 
Nonetheless, it is common for an air bubble to remain 
in a conduit after this priming process. 

Normally, an increase in ambient temperature or 
decrease in ambient pressure will create some expan- 
sion of a trapped air bubble within the conduit When 
such expansion occurs, the high-capillarity foam 
wicks the expanded volume of ink from the conduits 
back into the reservoirs, thereby preventing leakage 
from the orifices. This wicking effect occurs as long 
as there remains a continuous path of ink between 
the foam and the orifice. 

When a large air bubble occupies a conduit, it 
may interrupt the continuous path of ink required for 
the foam to prevent leakage. This problem is most 
likely to occur when a bubble entirely occupies a tub- 
ular, vertical standpipe portion of the conduit adja- 
cent to the reservoir. Afine mesh screen between the 
foam and standpipe prevents the bubble from enter- 
ing the reservoir, trapping the bubble in the stand- 
pipe. The trapped bubble may expand as a result of 
ambient changes and act as a check valve to block 
the ink path to the reservoir. Consequently, some of 
the ink between the bubble and the print head is 
forced out of the orifices because the foam is unable 
to wick that volume of Ink past the blocking bubble. 

When one color of ink leaks out of its orifice, it 
forms a droplet on the print head surface. The droplet 
may grow to encounter the orifice of another color, 
which absorbs it, creating a contaminated mixture. 
This mixture may be further drawn back into the ink 
pen when pressure and temperature return to normal. 
Consequently, proper col r printing is spoiled at least 


untO the contaminated ink is spent The cartridge may 
be entirely ruined if the contamination is allowed to 
remain for an extended length of time. 

The present invention provides an ink-jet car- 

5 tridge configured to maintain an uninterrupted ink 
path for transmitting'the wicking effect of the foam- 
filled reservoir through a conduit, even when the con- 
duit is occupied by a significantly large air bubble. A 
sufficient fluid path to bypass such a bubble is pro- 

w vlded by the conduit configuration. The leak- 
preventing wicking of the foam-filled reservoir is 
thereby maintained. 


15 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a perspective view of an ink-jet pen ap- 
paratus constructed in accordance with the inven- 
tion. 

FIG. 2 is a sectional side view of the apparatus 
20 in FIG. 1 taken along line 2-2. 

FIG. 3 is a sectional bottom view of the apparatus 
of FIG. 1 taken along line 3-3 in FIG. 2. 

FIG. 4 is a sectional top view of a standpipe taken 
along line 4-4 in FIG. 2. 
25 FIG. 5 is a sectional side view of a standpipe tak- 

en along line 5-5 in PIG. 3. 

FIG. 6 is a sectional side view of a standpipe tak- 
en along line 6-6 in FIG. 3. 

FIG. 7 is a sectional top view taken along line 7- 
30 7 in FIG. 6. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

35 FIG. 1 shows a three-color ink-jet cartridge 10 

having a box-shapec* body 12 with a bottom plate 14 
attached to and substantially coextensive with the 
bottom surface of the body 12. A print head 20 is at- 
tached to the bottom plate 14. The print head defines 

40 three sets of print orifices 22 that provide apertures 
for expelling ink in a controlled pattern during printing. 
The print head 20 is electronically controlled by a prin- 
ter (not shown) through a connector circuit 24 mount- 
ed on the body 12. 

45 FIG. 2 shows the body 12 defining three similarly 

sized adjacent ink chambers 26a, 26b, 26c. Each 
chamber contains a different color ink: cyan, yellow 
and magenta, for instance. Each chamber is filled 
with an ink sponge 30a, 30b, 30c formed of open ceil 

50 foam capable of absorbing and retaining substantial 
quantities of Ink with a wicking effect that tends to 
draw Ink in and prevent ink from leaking out of the 
sponge. 

An open, vertical, generally cylindrical standpipe 
55 32a, 32b, 32c (FIG. 3) is integrally attached to the 
floor of each chamber, each floor being formed by a 
base wall 34 of the reservoir body 1 2. Each standpipe 
32a, 32b, 32c forms a conduit for fluid communication 
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between its respective chamber 26a, 26b, 26c and a 
region outsld of the reservoir base wall 34. This ex- 
ternal region is a lateral Ink channel 38a, 38b, 38c 
formed cooperatlv ly by the bottom plate 14 and the 
base wall 34 of the reservoir body 1 2. 5 

As shown in FIG. 3, the lateral channels 38a, 38b, 
38c provide separate conduits to transmit ink from 
each respective stand pipe 32a, 32b, 32c to an asso- 
ciated orfflce set In the print head 20. 

Each standpipe defines a vertical passage 40a, 70 
40b t 40c. Referring to an exemplary one standpipe 
32b (FIG. 2), the upper end 41b of each standpipe is 
covered by a mesh screen 42. Each screen 42 con- 
tacts the respective sponge 30b so that the suction 
provided by the sponge wicking effect may draw fluid 15 
from the passage 40b. Each screen 42 is liquid per- 
meable, but is fine meshed to prevent air bubbles or 
impurities from passing through. The standpipe pas- 
sage 40b is terminated at its lower end by a relatively 
narrow aperture portion 44 in communication with 20 
the respective lateral channel 38b. 

To provide the fundamental advantages of the in- 
vention, the preferred configuration of each stand- 
pipe passage 40a, 40b, 40c includes a specially 
formed interior surface. Again referring to an exem- 25 
plary standpipe 32b, this surface preferably includes 
a pair of internal grooves 50, as best shown in FIGS. 
4 and 5. Each groove 50 provides a continuous path 
adjacent to the conduit passage 40b between the re- 
servoir 26b and the lateral channel 38b. This cross- 30 
sectional configuration preferably extends the entire 
length of the standpipe 32b. Similar lateral grooves 
(not shown) may also be formed longitudinally in the 
lateral channels 36a, 38b, 38c in communication with 
the print head 20 to prevent bubble blockage therein. 35 

Preferably, as shown in FIG. 5, all of the lateral 
channels 38a, 38b, 38c have a rectangular cross- 
section. Alternatively, any non-circular or other shape 
that lacks a smoothly rounded interior cross-section 
may be suitable. The vertex or corner regions along 40 
the length of the channels define bypass paths that 
function to allow fluid flow past a large bubble occu- 
pying the lateral channel. The bubble will not expand 
to entirely occupy the corners, which remain filled 
with ink to maintain a continuous fluid path between 45 
the reservoir 26 and the print head 20. 

The primary function of the grooves 50 is to pre- 
v ent'alr bubbles rrom com^tei>Tg ge>nRgThe pa'sVa g- 
es 40a, 40b, 40c, there b y completely Interrupting th e 
flui d path between the reservoir and the print head. so 
As*Ulustrated in FIGS. 6 and 7, the ink surface tension" 
will prevent an air bubble 60 from completely filling 
the Internal groove 50. To penetrate and fill a gap of 
width W (FIG. 7), a bubble must have sufficient Inter- 
nal pressure to form a cylindrical bubble having a ra- 55 
dlus of r = W/2 or less. The bubble penetrating the 
groove is characterized as cylindrical because it 
would extend along a substantial length of the 


groove, as shown In FIG. 7. The internal pressure P 
is the amount by which the bubble pressure exceeds 
th pressure in t he surrounding fluid. For a cylindrical 
bubble, P = 4(ST)/r, where ST is the surface tension 
of the fluid. 

In the range of geometries useful in the instant in- 
vention, a bubble will not reach a sufficiently high in- 
ternal pressure P to fully occupy the groove. Before 
the critical pressure is reached, the bubble will ex- 
pand longitudinally within the passage 40 in which it 
resides. 

The preferred embodiment Is designed for high 
surfactant inks with* surface tension values In the 
range of 30 to 35 dynes/cm. The diameter of the pri- 
mary passage 40 ranges between 0.095 and 0.163 
inch as it tapers throughout its height. The grooves 50 
preferably have a width of 0.020 inch, and depths of 
0.014 to 0.016 inch. The depth- to- width ratio of the 
grooves is greater t han one half so t hat a nearly semi- 
cylindrical bubble segment, as would be formed in a 
limiting case, would not occlude the groove. The 
groove 50 may be substantially deeper than this lim- 
iting ratio, with the added advantage of adequate flu- 
id flow capacity through the groove. 

The groove depth is limited only by the dimen- 
sions of the pen body 12 in which the grooves 50 are 
formed. The groove width may be reduced to ensure 
that even high pressure bubbles will not block the 
groove, but excessive narrowing will overly constrict 
the fluid flow through the groove, risking leakage dur- 
ing rapid ambient pressure changes. Extremely nar- 
row grooves are also difficult to manufacture. With 
the ink formulation used, grooves wider than about 
0.040 to 0.050 inch are believed to be inadquate, with 
this width limit varying proportionately with the sur- 
face tension properties of alternative inks employed. 
A wider groove would require smaller sub-grooves or 
sharp corners to be effective. 

Thus, a continuous path of ink is maintained ir- 
respective of bubble expansion. As a result, the wick- 
ing effect of the sponges 30 will be maintained for 
drawing ink through the groove 50, past a bubble in 
the standpipe passage and back into the chamber 26, 
so that the ink will not leak in the event of bubble ex- 
pansion. There is always maintained a small but ef- 
fective suction or backpressure throughout the con- 
duit in the lateral channels 38a, 38b, 38c leading to 
the print head 20. 

If the conduit lacked the groove feature and were 
entirely blocked by a bubble, the wicking effect would 
be blocked, and environmental changes causing ex- 
pansion of the bubble would drive ink out of the print 
head 20. Essentially,^ he bubble would act as a check 
valve, with any expansion in the chamber forcing ink 
out of the orifice, as the bubble cannot penetrate the 
screen, and the ink cannot circumvent the bubble. In 
the preferred embodiment, ink downstream of the ex- 
panding bubble 60 is influenced by the combined ef- 
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fects f the negative pressure due to wicking by the 
foam sponge 30 and the neutral pressure of the ori- 
fice 22, which resists passage of fluid or air. Thus, the 
Ink is drawn through the capillary groove 50 toward 
the sponge 30, rather than being forced out of the or- 
ifice. 

Having illustrated and described the principles of 
the invention by what is presently a preferred em- 
bodiment it should be apparent to those persons skil- 
led in the art that the Illustrated embodiment may be 
modified without departing from such principles. For 
example, the lateral channels may be provided with 
similar grooves to avoid air bubble blockage therein, 
and the standplpe Interior conduit may be formed In 
any shape, such as a polygon with corners, to permit 
capillaries of ink to bypass a substantial air bubble, in- 
cluding a plurality of different size passages for each 
chamber. 

In view of the many possible embodiments to 
which the principles of our invention may be put, it 
should be recognized that the detailed embodiment is 
illustrative only and should not be taken as limiting the 
scope of our invention. Rather, we claim as our inven- 
tion all such embodiments that may come within the 
scope and spirit of the following claims and equiva- 
lents thereto. 


Claims 

1. A pen cartridge (10) comprising: 

a body (12) defining a reservoir (26) for 
storing ink; 

an orifice (22) for expelling ink from the re- 
servoir; 

the body also defining a conduit (40) for 
providing ink flow between the reservoir and the 
orifice; and 

a body further defining a path (50} provid- 
ing ink flow between the reservoir and the orifice 
when the conduit is blocked. 


6. The cartridge (1 0) of claim 2 wherein the groove 
(50) has a depth sufficiently deep such that a gas 
bubble (60) substantially blocking the conduit 
(40) will not entirely fill the groove. 

5 

7. The apparatus of claim 1 wherein the conduit (40) 
has a first section (32) adjacent the path (50); 
and 

a second section (38) contiguous with the 
10 first section and having a non-circular cross- 
sectional shape. 

8. The cartridge (10) of claim 7 wherein the second 
section (38) has*a cross-sectional shape includ- 

15 ing two surfaces joined at a vertex. 

9. A method of making an ink-jet pen (10) having a 
body (12) defining an ink reservoir (26) and an or- 
ifice (22), comprising the steps of: 

20 locating a conduit (40) to extend contigu- 

ously between the reservoir and the orifice; and 
forming, in addition to the conduit, a path 
(50) within the body for conducting ink between 
the reservoir and the orifice. 

25 

10. The method of claim 9 wherein the step of form- 
ing a path includes defining a groove (50) within 
the conduit (40). 

30 


35 


40 


20 


2. The cartridge (10) of claim 1 wherein the path 
(50) is a groove adjacent to the conduit (40). 

45 

3. The cartridge (10) of claim 2 wherein the groove 
(50) has a cross-sectional width substantially 
less than the cross-sectional width of the conduit 
(40). 

50 

4. The cartridge (10) of claim 3 wherein the groove 
(50) has a cross-sectional depth of at least one 
half the cross sectional width of the conduit (40). 

5. The cartridge (10) of claim 1 wher in the conduit 55 
(40) is circular in cross-section and the path (50) 

Is a groove extending at least part way between 
th reservoir and the orifice. 
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